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COMPOSITION OF BULK FILLER AND 

EPOXY-CLAY NANOCOMPOSITE 

BACKGROUND OF THE INVENTION 

I. Field of the lnvention
Tue present invention relates to epoxy molding compo­

sitions. More particularly, the present invention relates to 
epoxy molding compositions having reduced moisture 
uptake, and which arc particularly useful as cncapsulants for 10 
electronic packaging materials. 

2. Brief Description of Related TechDology 
Epoxy resin compositions are widely used for electronic 

packaging materials in the electronics industry, and, in 
particular, as encapsulants for semiconductor elements and 15 
electronic circuits. Compositions used as electronic packag-
ing materials must have high reliability including excellent 
thermal cycle resistance due to extensive temperature 
chaDges encountered through typical use of electronic 
devices. Accordingly, epoxy resiD based compositions, aDd, 20 
in particular, cresol novolac-type epoxy compositions, have 
been widely used in the fonnation of molding compositions 
for use as electronic packaging materials. 

Assembly of electronic components typically involves 
exposure of the electronic component to high temperan,res 25 
to acl1ieve solder reflow for establ isbing electrical intercon­
nectioD between a cbip and a substrate, as well as to achieve 
proper curing of any polymeric material which may be used 
as an underfill material between lhe chip and the substrate or 
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results in compositions having a high viscosity, thus render­
ing the epoxy compositions too viscous and, therefore, not 
ust:ful in highly filled powder molding compositions. 

Accordingly, it would be advantageous to provide a 
moJding composition useful as an encapsulant for clcctronjc 
packaging materials which provides the advantages of 
highly filled epoxy-based powder compositions with 
reduced moisn1re uptake. 

SUMMARY OF TiiE INVEN'flON 

It has been discovered tltrough tl1c present invention that 
a molding composition having reduced moisture uptake can 
be accomplished through epoxy-clay nano-composites 
which are used as an epoxy component and which are mixed 
with bulk filler materials used in traditional molding com-
positiot1s. Accordingly, tbe present invention is directed to 
molding oompositions including a bulk amount of a filler 
component, and an epm,y-clay nano-composite including a 
mixture of an epoxy resin. a resin hardener, and clay, and 
optionally a catalyst for promoting reaction between the 
epoxy resin and the resin hardener. The bulk amount of the 
filler component in the molding composition ranges from 
about 50 weight perce111 to about 9S weight percent. Tbe 
molding composition is resistant to moisture uptake. The 
invention is further directed 10 an electronic packaging 
material, which packaging material is a reaction product of 
such a molding composition, as well as an electro1lic pack-
age including an electronic component encapsulated with 
such a molding composition. 

In a further embodiment, the invemion is directed to a 
molding composition which includes an epoxy-clay nano­
composite and a bulk amotmt of a filler component, wherein 
the composition has a moisnire uptake of Jess than 0.33 
percent after exposure to about 85° C. and about 85% 
relative humidity for a period of about 168 hours. 

In a funher embodiment. the present invention is directed 
to a metbod of preparing a molding composition including 

as an adhesive for adhering the chip to the substrate. During JO 
such processing, any moisrure present within an cncapsulant 
molding composition can result in steam build-up from such 
higb-temperanu-e exposure. It is believed that excessive 
amounts of steam build-up during such processing may 
resull in delamination of 1he encapsulam electronic packag- 35 

ing material. As such, it is important to provide tbc epoxy 
molding compositions with a low moisture uptake. to pre­
vent absorption of moisn,rc by the molding composition 
and, thereby prevent steam build-up and delamination dur­
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preparing an epoxy-day nano-composite by md1-blt:nding a 
mixture of an epoxy resin component, a resin hardener 
component and clay at a temperature capable of melting the 
epoxy resin component without causing polymerization of 
the epoxy resin component, for example. at a temperature of 

ing processing. 
To provide low moisture absorption, molding composi­

tions are typically provided with a low viscosity epoxy resin 
including a bulk amount of a filler material at a high 
concentration, such as silica. For example, U.S. Pat. No. 
5,476,716 discloses various fillers such as silica for use in 45 
epoxy molding compositions. This parent also suggests the 
use of clay as a filler material. The use of clay as a traditional 
dry-mixed bulk filler material, however, does not provide 
effective results with respect to moisture uptake. 

U.S. Pat. No. 6,190,786 also discloses the use of various 50 

inorganic filler materials such as silica and clay as bulk 
fillers in highly filled molding compositions, noting that 
such compositions are prone to absorbing moisture in stor­
age. 111is patem discloses molding compositions including a 
specific epoxy resin which imparts a reduced moisture 55 
uptake. 

A recent trend in many fields is to blend polymeric 
materials with particles of a modified clay having a width of 
several microns and a thickness in the nanometers, desig­
nate<! as .. nanosize" particles. Composite materials made 60 
from blending, choy nanosi:,;e particlc:s wi1h such polymc:ric 
materials can have improved properties such as reduced 
moisn1re uptake. For example, U.S. Pat. Nos. 5,554,670 and 
5,853,886 disclose clay nano-composites in epoxy compo­
sitions. In polymers made from such epoxy-clay nano- 65 
composites, the clay filler represents the main filler compo­
nent. Clay fillers, however, are known to swell in use, which 
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below about I 00° C. Such a melt-blend mixntre is cooled, 
and then mixed with a catalyst and, optionally, a mold 
release agent and a coupling agent. Tho epoxy-clay nano­
composite as prepared is then mixed with a hulk amount of 
a filler material. The mixn,re may be ground into a powder. 

In yet a forther embodiment, the present invention 
includes a method of reducing moisture uptake in highly 
filled epoxy molding compositions. Such a method includes 
mixing an epoxy resin component witb a bulk amount of a 
filler material, wherein the epoxy resin component includes 
an epoxy-clay nano-composite prepared from a melt­
blended mixn1re of an epoxy resin, a resin hardener, and 
clay. 

DETAILED DESCRIPTION OF Tl-IE 
INVENTION 

111e present invention is directed to a molding composi­
tion, and, in particular, a molding composition for use in 
electronic packaging materials. Traditional molding compo­
sitions for use as electronic packaging materials include an 
epoxy component and a bulk filler material. The molding 
composition of the present invention includes ;,n enoxv-cl;,v 














